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X-RAY SCANNER 

[0001] The invention relates to an X-ray scanner. The 
invention relates in particular to an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks. 
[0002] The task of scanning large objects such as contain 
ers, railWay Wagons or trucks for impermissible contents 
regularly arises, particularly in connection With increasing 
efforts to protect against crime. For example, smuggled 
goods, or goods potentially supporting terrorism, such as 
explosives, can be detected in such large objects. 
[0003] Since it Would be very complicated, and hence 
impracticable, to inspect such large objects in detail on the 
inside, mobile and stationary stations With X-ray scanners 
have been established. These scan the loading unit of the large 
object, in most cases With X-ray radiation. It can then be 
detected by an operator and/or an automatic EDP detection 
system, on the basis of the silhouette and/or the scatter image 
of the radiation, Whether impermissible goods are present in 
the large object. 
[0004] EP 0 491 977 B1 discloses a test installation for 
loading of a truck in Which the Wheels of the toWing vehicle 
are raised by a platform ?oor truck and the entire truck is 
driven in this manner through the test installation. In this case 
an Radiation source is let into the ?oor and radiates vertically 
upWards, a suitable detector being provided at the top so that 
a truck Which has passed through the path of rays by means of 
the platform ?oor truck can be X-rayed. The problem that 
arises in this particular case is that it is dif?cult to Widen the 
beam Within a short distance beloW a support for the truck 
suf?ciently for the entire truck to be detected. Ultimately this 
means that the radiation source must be arranged at a rela 
tively loW level beneath the support. 
[0005] DE 10 2005 055 129 A1 also discloses a relatively 
expensive structure in Which a complete truck is conveyed 
through a tomograph. This requires an extremely complex 
substructure, since the tomograph comprises a vertical sup 
port ring Which encloses the truck and supports both a detec 
tor device and an Radiation source. The ring can then be 
rotated around the truck for the tomography, the truck pas sing 
through the ring in stages. This procedure is extremely time 
consuming and is impracticable, particularly in ports or con 
tainer railWay stations Where several thousands of containers 
or trucks per day have to be scanned at one transhipment 
point. In this arrangement the radiation source is also 
arranged in the mean time above the truck, Which requires the 
use of the expensive structure since the detector device is 
arranged underneath the truck. 
[0006] US. Pat. No. 6,542,580 B1 discloses a detection 
frame in Which the radiation source is arranged at the top of 
the frame. The detectors are installed in the lateral sections of 
the frame and at the bottom of the sensor system. In this 
embodiment a relatively high overall height must also be 
alloWed for to be able to scan an entire vehicle. Because of the 
arrangement of the detectors beloW the support a complex 
slide and roller system is also required in order for the motor 
vehicle to be X-rayed. 
[0007] The disadvantages of both the aforementioned 
arrangements are eliminated by a test installation according 
to DE 40 23 413 A1, in Which a separate container is con 
structed. The container comprises an operating area and a 
measuring tunnel. A ramp and a conveyor belt leading to the 
measuring tunnel are constructed for the trucks to be scanned, 
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an Radiation source being arranged in the container on one 
side of a corresponding support, and suitable detectors being 
arranged on the other of the tWo sides. Although this obviates 
the need for expensive super- and substructures due to the 
arrangement of the radiation source, the overall arrangement 
is expensive to construct because the vehicles to be X-rayed 
have to cross the container. 

[0008] FR 2 808 088 A1 discloses a mobile X-ray unit 
Which is installed on a truck specially converted for this 
purpose. The measuring tunnel is de?ned by a gate that can be 
sWivelled back by the truck. The gate consists of a post With 
detectors and a bolt With detectors. At the same time an 
Radiation source is positioned on the side of the truck. An 
expensive substructure can therefore be avoided. 
[0009] EP 1 635 169 A1 and US. Pat. No. 6,843,599 B2 
also disclose a transport truck With a detachable frame Which 
is ?tted With X-ray detectors. Trucks passing through are 
X-rayed With an Radiation source on the extended part of the 
frame. The radiation source is small and can be generated in 
different positions. 
[0010] US. Pat. No. 6,928,141 B2 discloses a freestanding 
stable frame on Which are arranged both an Radiation source 
and detectors. A truck can pass through the frame. The entire 
frame is conveyed ?at against a transport truck to the point of 
application and maintained there, running on a rail on one 
side and on Wheels on the other side. A complex substructure 
can also be dispensed With in this arrangement. 
[0011] DE 11 2004 001 701 T5 also discloses the lateral 
arrangement Which is constructed correspondingly easily. 
[0012] Further X-ray systems are knoWn from the publica 
tions EP 0 491 977 B1, DE 43 11 174 A1, US. Pat. No. 
3,766,387, DE 40 23 413 A1, US. Pat. No. 2,831,123, US 
2004/0125914, WO/05.057196 A1, US. Pat. No. 6,031,890, 
FR 2 808 088 A1, US. Pat. No. 4,150,293, US. Pat. No. 
5,367,522, DE 42 10 516 A1, US. Pat. No. 4,349,740, US. 
Pat. No. 4,303,830, DE 40 23 414A1, EP 0 963 925 A2, EP 0 
963 925 B1, EPO 991916 B1, EP 1526 392A2,EP1635169 
A1, GB 2337632 A, US 2003/0023592, US. Pat. No. 6,812, 
426 B1, WO 03/027653 A2, WO 03/027653 A3, US. Pat. No. 
6,839,403 B1, US. Pat. No. 6,928,141 B2, US. Pat. No. 
6,815,790 B2, US. Pat. No. 6,843,599 B2, US. Pat. No. 
6,665,373 B1, US. Pat. No. 6,542,580 B1, US. Pat. No. 
6,473,487 B 1 , US. Pat. No. 6,094,472 and from US. Pat. No. 
5,181,234 B1. 
[0013] The object of the invention is to make available an 
X-ray scanner for large objects such as containers, railWay 
Wagons or trucks, With at least one laterally arranged Radia 
tion source and at least one detector betWeen Which rays are 
able to run along a ray path, Which scanner supplies very clear 
X-ray images Whilst retaining the relatively simple design 
resulting from this. 
[0014] According to a ?rst aspect of the invention this 
object is achieved by an X-ray scanner for large objects such 
as containers, railWay Wagons or trucks, With at least one 
laterally arranged Radiation source and at least one detector 
betWeen Which rays are able to run along a ray path, and With 
a support for the large object, the support being arranged 
inside the ray path. 
[0015] Conceptually the invention may ?rst be explained 
by stating that the sum of the straight rays Which run from the 
radiation source to a detector is summarised under the term 
“ray path”. Here it must be considered that the radiation 
source is not an exactly punctiform Radiation source but it 
often approximates a punctiform Radiation source. In any 
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case, however, a geometry is obtained in Which the radiation 
source is substantially smaller than a detection line along the 
detectors. This gives rise to the geometry of the ray path in the 
plane of the radiation source and of the detectors as a ray ?eld 
Which is very narroW at the radiation source and Widens 
considerably toWards the detectors. Normal angles of Widen 
ing of the ray path lie betWeen approximately 350 (cf. U.S. 
Pat. No. 6,843,599 B2) and approx. 800 (cf. EPl 635 169 A1). 
[0016] With the proposed ?rst aspect of the invention it is 
possible to X-ray the entire large object and scan for imper 
missible contents. This also relates, in particular, to regions of 
the large object to be scanned, arranged at a very loW level, 
such as the Wheels of a truck, the substructure of a railWay 
Wagon or the storage space of a container. On the other hand, 
the Wheels are not detected by the ray path even in the case of 
EP 0 491 977 B1. The same applies to DE 11 2004 001 701 
T5. In Us. Pat. No. 6,542,580 B1 the radiation source is not 
arranged laterally. 
[0017] It must be emphasised here that the inventive 
arrangement suf?ces With a detector and/or Radiation source 
unit that can only be displaced horizontally or With a large 
object that can only be displaced horizontally, and, in particu 
lar, a vertically displaceable Radiation source is not required 
to scan a complete image. 
[0018] The ray path advantageously has at least one hori 
zontal ray trace Which is provided underneath the support. If 
the radiation source is arranged at a suitably loW level and if 
the detectors also extend to a suitable loW level, a horizontal 
ray trace under the support is also automatically provided. 
The support therefore lies in the ray path in any case Without 
the support having to be placed in a particularly high position, 
and also Without requiring complex platform structures, as in 
EP 0 491977 B1 or DE 40 23 413 A1. 
[0019] The radiation source is preferably arranged in and/ 
or beloW a plane incorporating the support. Conceptually a 
?at support surface is assumed for this purpose, Which 
appears logical for this reason alone because the large objects 
to be scanned are generally provided for standing on a ?at 
surface, e. g. in the case of a truck on a road surface, or in the 
case of a railWay Wagon on tWo rails. 

[0020] If the radiation source is arranged in the plane of the 
support a horizontal ray trace is provided through the support 
and hence through the loWest point of the large object to be 
scanned. In the case of a truck the contact surface of the tyres 
Would then be exactly adjacent to a horizontal ray trace. 
[0021] It is particularly advantageous, hoWever, for the 
radiation source to be arranged actually underneath the sup 
port plane. In this manner the entire large object can be 
X-rayed With a ray trace Which deviates from the horizontal. 
Horizontal regions of the large object, such as the bottom 
plate of a truck, a railWay Wagon or a container, can therefore 
be effectively X-rayed and do not result in linear shading in 
the silhouette of the radiation. 
[0022] The support preferably comprises a linear conveyor 
for the large objects or is designed as such. In both cases the 
radiation source and/or the detectors may be of a stationary 
design, and the large object can be conveyed linearly through 
the ray path. 
[0023] HoWever, it is also advantageous for the radiation 
source and the detectors to be linearly displaceable, prefer 
ably on rails. In the case of such a structure the paths of the 
radiation source and detectors can be accurately predeter 
mined and knoWn, Which may result in highly precise mea 
sured results. Here a displaceable scanner and a linearly con 
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veying support must be mutually exclusive. Instead both 
these design variants, When used simultaneously, may result 
in a highly compact structure of the X-ray scanner. 
[0024] In order to be able to use the scanner in as variable a 
manner as possible it is proposed that the ray path be provided 
outside a building. The radiation source and the detectors may 
then cover any distances, for example they may be displaced 
along the entire train and scan it fully. 
[0025] In the case of a scanner Whose ray path is provided 
outside a building, and Which is displaceably designed, it is 
proposed that a co-travelling X-ray protection is provided 
behind the detectors vieWed from the radiation source, for 
example a co-travelling concrete Wall or an X-ray barrier of 
sand Which co-travels in a container. The costs of constructing 
an X-ray screen on the other side of the large object to be 
scanned can therefore be reduced to the Width of the station 
ary X-ray path, if necessary With a size alloWance, for safety 
reasons. The construction costs can therefore be minimised, 
particularly in the case of long scanning distances, such as 
along a train. 
[0026] According to a second aspect of the invention the 
object is achieved by an X-ray scanner for large objects such 
as containers, railWay Wagons or trucks, With at least one 
Radiation source and at least one detector betWeen Which rays 
are able to run along a ray path, and With a support for the 
large object, the radiation source and at least one of the 
detectors being connected to each other by means of a bridge 
and being displaceable on rails by means of their oWn drive. 
[0027] Conceptually it may be explained in this regard that 
a “bridge” is understood to refer to a structure Which runs 
beyond the space Which is provided for the passage of the 
large objects to be scanned. The bridge Will therefore extend 
from one side of the scanning space to the other side of the 
scanning space. 
[0028] If the radiation source and the detectors are con 
nected to each other by a stable bridge, and can be displaced 
Without external force, as proposed, they are able to generate 
extremely accurate images. In particular, extremely small 
impermissible objects can also be detected in the large objects 
to be scanned since the ray path is guided extremely smoothly 
on rails because of the process. On the other hand, an unsup 
ported Radiation source, as described in EP 1 635 169 A1, 
may be more easily caused to vibrate if the scanner is dis 
placed as such. If both the radiation source and the detectors 
are supported on the road surface, as described in PR 2 808 
088 A1, for example, the accuracy of the scanning results 
depends on the absolute ?atness of the road surface. Although 
in a solution such as that disclosed in Us. Pat. No. 6,928,141 
B2 the scanner is displaceable on a rail, the detectors are 
mounted on conventional Wheels. When the scanning gate in 
this solution is displaced, the accuracy of the images obtained 
is therefore dependent on the fact that the road surface runs 
underneath the detectors exactly parallel to the rail surface. A 
rail structure on both sides, on the other hand, can be con 
structed independently and With high precision. 
[0029] Whenever the detectors and/or the radiation source, 
in particular, is or are guided on a rail, it is proposed that 
securing clips be provided Which grip the rails. This can 
protect the system from outside in?uences such as earth 
quakes or hurricanes, and in particular the radiation source 
can be protected against damage. 
[0030] If the radiation source lies on a rail it is proposed that 
it is arranged on a carriage Which is mounted in a freestanding 
manner independently of a bridge. This is advantageous for 
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safety reasons because the radiation source is in this manner 
retained particularly stably in its intended alignment or posi 
tion. 
[0031] If the radiation source is arranged in such a stably 
standing carriage, it is also proposed that the detectors be 
mounted on a bridge Which is secured on the one hand to a 
stable carriage and on the other to an auxiliary carriage Which 
is displaceably mounted on exactly one rail. This achieves, by 
simple means, a stable structure comprising the stable car 
riage With the radiation source, the bridge With the detectors 
and the auxiliary carriage. This saves the construction space 
required for the auxiliary space to be guided on exactly one 
rail. 
[0032] If the auxiliary carriage runs on one rail over tWo 
Wheels, an extremely stable guidance is guaranteed, resulting 
in accurate images. 
[0033] An auxiliary carriage for supporting a bridge carry 
ing the detectors is preferably not self-driven, Which avoids 
control problems in matching the ?rst drive With the auxiliary 
carriage drive. Costs and construction space are also saved. 
[0034] According to a third aspect of the invention, the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, With at 
least one Radiation source and at least one detector betWeen 
Which rays are able to run along a ray path, and With a support 
for the large object, a protective space being provided for the 
operating personnel of the large object, preferably structur 
ally integrated With the X-ray scanner. 
[0035] When a large object is X-rayed rays necessarily also 
pass through the large objectiWith complete X-rayingi 
Where the operating personnel of the large object are located. 
For example, the driver’s cab of a truck should, for safety 
reasons, be scanned by the scanning process just as the driv 
er’s cab of a railWay train. In order to minimise the radiation 
load for the operating personnel of the large object, it is 
proposed that the protective space be located outside the 
scanning volume. 
[0036] The scanning volume describes the volume in Which 
the ray path is present, or Which the ray path spans. Even in the 
case of very narroW detectors this is never a plane in the 
mathematical sense but at best only approximates to a plane. 
It is therefore a volume. 

[0037] Since operating personnel of the object to be 
scanned need not generally have a detailed knowledge of the 
risks of radiation, it is advantage to provide a predestined 
protective space in Which the operating personnel can remain 
during the scanning process. Although this reliably prevents 
the operating personnel from being outside the large object, 
they nevertheless pass through the scanning space. 
[0038] If a protective space is provided it is proposed that 
this space and/or a service space for scanner service personnel 
be displaceable together With the radiation source and/ or the 
detector. This facilitates not only the construction or disman 
tling of the X-ray scanner, but in particular the X-ray scanner 
service personnel are able to move together With the scanner 
during the scanning process. For example, if an uneven sur 
face has to be passed over during the displacement movement 
as the scanning process progresses, the service personnel 
detect this by slight jerking in the service space. Here it may 
be advantageous, independently of the remaining features of 
this invention, to provide vibration sensors in generic X-ray 
scanners. Moreover, the optical perspective from the service 
space to the scanning volume alWays remains constant. Main 
tenance Work can also be carried out on the radiation source 
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and communication can then be made With the operating 
personnel Without problem during the scanning process. 
[0039] It is proposed, in particular, that the radiation 
source, the service space and the protective space be arranged 
together in a container that is displaceable on rails. This is a 
highly economic structure Which also suf?ces With only one 
structural unit on the side of the radiation source. 

[0040] If the protective space is displaceably designed it is 
proposed that a footbridge that is displaceable With the pro 
tective space be provided betWeen the support and the pro 
tective space. Such a footbridge ?rst increases comfort and 
safety for the operating personnel of the large object, and 
serves as an aid for the operating personnel of the large object 
to proceed to the protective space. At the same this also 
increases the safety of the scanner service personnel since it 
can be predicted very accurately Where on the site the oper 
ating personnel Will move. 
[0041] According to a fourth aspect of the invention the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, particu 
larly if a protective space is provided Where a path for the 
operating personnel around the radiation source and through 
the protective space outside the ray path. 
[0042] It can be seen immediately that such a path provided 
affords the same advantages as the provision of a footbridge, 
except that the route of the operating personnel through it can 
be predicted even more accurately. Because the path leads 
around the radiation source, better screening is also achieved 
than described in Us. Pat. No. 6,542,580 B1, Which screen 
ing enables the driver of a truck to pass by the side of a ray 
path. 
[0043] Independently of this it is proposed, cumulatively or 
alternatively, that the radiation source of the X-ray scanner 
cannot be activated until the operating personnel are in the 
protective space. This not only excludes any risk to the oper 
ating personnel from radiation, but the operating personnel 
can also be easily kept in the protective space if an impermis 
sible object is actually found in the large object to be scanned. 
[0044] A safety space is preferably designed to be bullet 
proof, sort and/or impact proof. This provides the best pos 
sible protection for the service personnel. 
[0045] According to a ?rth aspect of the invention the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, With at 
least one Radiation source and at least one detector betWeen 
Which rays are able to run along a ray path, and With a support 
for the large object When an independent current generator is 
provided. This also greatly simpli?es assembly on a distant 
site, for example in a port. This also enables long distances 
from the radiation source to be covered. 

[0046] According to a sixth aspect of the invention the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks With at 
least one Radiation source and a multiplicity of detectors, 
Where rays are able to run betWeen the radiation source and 
the detectors along a ray path, and With a support for the large 
object, the detectors being arranged essentially along an arc, 
preferably along the arc of a circle. In particular, it is also 
proposed for this purpose that the detectors be displaceable 
perpendicularly to the ray path together With the radiation 
source. 

[0047] The arrangement of the detectors in an arc around 
the radiation source results in a considerable increase in mea 
suring accuracy compared to a linear arrangement, as is 
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known conventionally. Silhouettes of the detectors against 
each other are also at least largely voided. Although the scan 
ning system then requires a longer distance betWeen the 
radiation source and the detectors, the rays are already Weak 
ened for this purpose in the case of the detectors to the extent 
that the entire arrangement of the system, including the radia 
tion protection, need not generally be built any larger. 
[0048] Ideally a true arc of a circle around the radiation 
source, along Which arc the detectors are arranged and radi 
ally aligned. However, deviations are possible Within the 
limits of the measuring accuracies to be achieved. It is essen 
tial that the detectors are not arranged along exclusively linear 
sectionsias is conventionally knoWn. For example, normal 
arrangements, such as those described in EP 1 635 169 A1 or 
US. Pat. No. 6,928,141 B1, lie in a strictly rectangular, 
U-shaped con?guration. An arrangement such as that 
described in US. Pat. No. 6,843,599 B2, consists only of 
three linear sections of the detectors. 
[0049] An arc-shaped arrangement can be achieved 
extremely simply by arranging the detectors on an arc-shaped 
frame, preferably on a frame in the shape of the arc of a circle. 
Such a frame provides not only a structural simpli?cation but 
also, in a simple manner, high stability and hence high image 
accuracy. 
[0050] In order to be able to design an arc structure 
extremely easily, it is proposed that the detectors are arranged 
in a plurality of rectilinear detector strips, the central perpen 
diculars of the detector strips each being aligned essentially to 
the radiation source, preferably With a deviation of less than 
15°. It is self-evident that the more rectilinear detector strips 
are provided, and the shorter a detector strip, the closer the arc 
is approximated. 
[0051] If the detectors are arranged in rectilinear detector 
strips, it is proposed that their centres are arranged essentially 
equidistantly from the radiation source. This enables the arc 
of a circle or at least a circle arc section to be approximated by 
simple means. For measuring accuracy deviations of beloW 
5%, or preferably beloW 1%, are recommended relative to the 
distance from the detector surface to the radiation source 
surface. 
[0052] According to a seventh aspect of the invention, the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, With at 
least one Radiation source and a multiplicity of detectors, in 
Which rays are able to run betWeen the radiation source and 
the detectors along a ray path, and With a support for the large 
object, means being provided for compensation for thermal 
expansion. 
[0053] X-ray scanners of the type discussed here must be 
able to operate absolutely reliably in a Wide variety of Weather 
conditions. For example, the temperature may easily ?uctuate 
between —400 C. at night in the Winter and +800 C. in the day, 
With direct solar radiation, in the summer. Under all these 
conditions it should be guaranteed, if possible, that the mage 
obtained during scanning is not changed as a result of a 
geometrical displacement of the detectors. The compensation 
means should ensure this. The compensation means must 
therefore be characterised technically in that they convey to 
the detectors a movement of the suspension of the detectors 
only to a reduced degree, preferably as little as possible. 
Numerous more or less complicated designs are suitable for 
this purpose. 
[0054] The compensation means preferably comprise 
detector rails Which are provided on a frame and on Which the 
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detectors are displaceably arranged, spring means preferably 
being provided Which act on the detectors parallel to the 
detector rails. Merely the provision of the detectors on the 
detector rails on a frame results in more uniform displace 
ment of the detectors. Moreover, if springs are connected to 
the detectors parallel to the rails, they further reduce an 
expansion of the frame on Which the springs are anchored 
correspondingly. 
[0055] If the frame is then rigidly connected to the radiation 
source, the geometry remains as uniform as possible even in 
major ?uctuations in Weather conditions. 
[0056] It has already been pointed out that the compensa 
tion means may be mounted on a frame, in Which case the 
detectors are preferably arranged in detector strips. This 
facilitates the construction of the entire detector system. In 
particular, the individual detectors need not be each con 
nected to compensation means but good results are already 
achieved if only one detector strip is connected by one com 
pensation means to the frame. 

[0057] It is proposed that the compensation means have 
temperature-stable spacers, for example a housing of the 
detector strips. This ensures that the detectors are only dis 
placed a short distance, even if the frame is highly loaded. 
Conceptually it should also be explained that although a 
single-piece spacer is strictly speaking alWays temperature 
unstable, such an element may have a considerably loWer 
thermal expansion than the frame, even if designed in one 
piece, for example it has a coe?icient of thermal expansion 
Which is loWer by at least a poWer of ten than the effective 
coe?icient of thermal expansion of the frame. 
[0058] The compensation means preferably comprise a 
thermally insulating housing for the detectors or detector 
strips. Provision my be made, in particular, for a thermal 
insulation layer to be provided inside an outer envelope of a 
housing, Which layer has a much loWer density than the hous 
ing material itself, for example at least a density a poWer of 
ten, in particular three poWers often, loWer than the density of 
the housing material. For example, the housing may be 
formed from a steel sheet or a hard plastic, Whilst heat insu 
lating foam is provided on the inside of the housing. Advan 
tageously any spacers provided need not be as individually 
stabilised to counter possible temperature ?uctuations as if no 
housing Were provided. The housing also offers the detectors 
protection against other environmental in?uences. 
[0059] According to an eighth aspect of the invention, the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, With at 
least one Radiation source and a multiplicity of detectors, in 
Which rays are able to run betWeen the radiation source and 
the detectors along a ray path, and With a support for the large 
object, a common housing being provided for the detectors or 
detector strips in Which all the detectors are arranged. 

[0060] Such a one-piece housing protects the sensitive 
detectors and any mechanical elements from environmental 
in?uences, the very design as a single-piece housing greatly 
simplifying the climatisation of the detectors. According to 
the state art, as described for example in PR 2 808 088 A1 or 
US. Pat. No. 6,843,599 B2, joints separating the detector 
housings are ?tted betWeen a plurality of detector housings. 
Such a structure renders any climatisation provided less 
effective. 

[0061] It has already been mentioned that the housing may 
comprise thermal insulation. 
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[0062] It is advantageous for the interior of the housing to 
be climatised, in particular actively climatised. Passive cli 
matisation can already be provided by allowing the heated air 
inside the housing to escape to the outside, draWing in cooler 
air. Cooling ribs and/ or vents, for example, may be provided 
at suitable points in the housing for this purpose. Extremely 
good results With regard to climatisation, and hence also With 
regard to the service life and result accuracy of the scanner, 
are obtained When active climatisation is provided. Active 
climatisation is characterised in that it is capable and is set up, 
by means of a fan, to feed air cooler than that present in the 
housing interior into the latter and in doing so to displace the 
Warmer air present there. 
[0063] It is self-evident that a continuous housing for the 
detectors may be installed on a frame. 

[0064] According to a ninth aspect of the invention, the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, With at 
least one Radiation source and a multiplicity of detectors, in 
Which rays are able to run betWeen the radiation source and 
the detectors along a ray path, and With a support for the large 
object, a frame, Which is connected essentially rigidly to the 
radiation source, being provided for the detectors. 
[0065] This enables measuring inaccuracies to be reduced 
to a minimum because the frame is automatically carried 
along With each movement of the radiation source. In particu 
lar, no hydraulic feed-in capacity Will be provided on the 
frame or the like for performing movements. A frame may be 
considered to be rigid, in the sense of What is stated above, 
When it is completely free from such components. If such 
components are provided, a corresponding frame must be 
regarded as rigidWhen it has ?xing means, such as bolts or the 
like, Which establish moving regions in such a manner that 
any remaining residual movements are smaller than the siZe 
of the natural vibrations of the entire frame. 
[0066] It is self-evident that such a rigid connection is 
advantageous, particularly for axially moving Radiation 
sources Which are displaced along the large object. 
[0067] If thermal compensation is provided, it is advanta 
geous for the frame to be rigidly connected to the radiation 
source except for the thermal compensation. This achieves a 
good compromise betWeen a rigid frame With these advan 
tages and the thermal compensation Which increases measur 
ing accuracy by other means. 
[0068] It is self-evident that a rigid frame or a frame that is 
rigid apart from thermal compensation may serve as a con 
nection by means of thermal compensation for the detectors. 
As soon as the detectors have thermal compensation and are 
otherWise rigidly connected to the frame, exactly the same 
advantageous compromise is found here as described above 
for connection of the frame to the radiation source. 

[0069] In the case of a particularly rigid frame connecting 
the detectors to the radiation source, it is proposed that the 
detectors and the radiation source can be displaced linearly 
along a path relative to the large object, and that the frame is 
arranged horizontally inclined by an angle smaller or larger 
than 90° to the path. The advantage of this arrangement is that 
transverse Walls of the large object, such as front Walls, need 
not be X-rayed parallel to the Wall but may be X-rayed trans 
versely to it. There is therefore no shading line in the silhou 
ette, Which enables even very small objects to be more easily 
detected. 
[0070] It should be pointed out that it is irrelevant here 
Whether the large object or the radiation source and the detec 
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tors are moved to achieve the displaceability of the scanning 
unit relative to the large object. Instead all that matters is the 
relative movement betWeen the scanner and the large object. 

[0071] According to a tenth aspect of the invention, the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, With at 
least one Radiation source and a multiplicity of detectors, in 
Which rays are able to run betWeen the radiation source and 
the detectors along a ray path, and With a support for the large 
object, the ray path being horiZontally inclined by an angle 
not equal to 90°, i.e. smaller or greater than 90°, relative to the 
path along Which the detectors and the radiation source can be 
displaced relative to the large object. This has already been 
explained above, but it is also advantageous and inventive 
independently of all the other aspects mentioned. 
[0072] A simple, stable structure of the scanner is also 
obtained in the case of a horiZontally inclined frame and ray 
path if the ray path is arranged in the vertical plane. 
[0073] According to an eleventh aspect of the invention, the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, With at 
least one radiation source and a multiplicity of detectors, in 
Which rays are able to run betWeen the radiation source and 
the detectors along a ray path, and With a support for the large 
object, the radiation source being arranged in a standard 
container, preferably in a 40 foot container or in a 20 foot 
container. 

[0074] This aspect alloWs simple transport and simple 
assembly of the entire arrangement, particularly also from 
overseas. 

[0075] A service space for service personnel of the X-ray 
scanner and/ or a protective space for operating personnel of 
the large object, for example a truck driver or locomotive 
driver, are preferably arranged in the container. These aspects 
have already been explained in a different context. 
[0076] It is proposed that the container can be run on rails. 
Speci?cally means should therefore be provided for forWard 
movement of the container on rails on it. This alloWs not only 
simple displaceability in the scanning application, but also 
transport of the scanning unit Without problem to a site of 
application on the rails of a railWay network. 

[0077] In a container for the X-ray scanner the radiation 
source should preferably be arranged in a separate space. 
Only this separate arrangement helps avoid radiation damage 
to the scanner service personnel. 

[0078] It is also proposed that the separate space for the 
radiation source be specially screened for the ray path except 
for an outlet gap. Alternatively and cumulatively the radiation 
source itself can be screened for the ray path except for an 
outlet gap. Both further increase the radiation safety of the 
system as a Whole. 

[0079] According to a tWelfth aspect of the invention, the 
inventive object is achieved by an X-ray scanner for large 
objects such as containers, railWay Wagons or trucks, With at 
least one Radiation source and a multiplicity of detectors, in 
Which rays are able to run betWeen the radiation source and 
the detectors along a ray path, and With a support for the large 
object, the radiation source being screened, bundled and/or 
directed so that at the level of the detector or at the level of at 
least one detector strip the ray Width is no more than tWice as 
Wide as the detector or detector strip. 

[0080] If the system is designed so that the scanning vol 
ume is limited to such a narroW ray strip on the detector, the 
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screening on the other side of the detectors may be reduced to 
a minimum, Which helps save construction costs and con 
struction volume. 

[0081] Here too it is advantageous, as explained above, for 
the radiation source and the detector to be movably arranged 
and for a co-travelling radiation protection, eg a co-travel 
ling concrete Wall, to be provided behind the detector, vieWed 
from the radiation source. Such a structure is particularly for 
scanning long large objects such as trains, particularly since 
the scanner can then also travel on tracks. 

[0082] Alternatively and cumulatively it is proposed that 
the radiation source and the detector are movably arranged 
and that a ?xed radiation protection, for example a ?xed 
concrete Wall, is provided behind the detector, vieWed from 
the radiation source. This enables the radiation to be further 
increased. 

[0083] The radiation source may, in particular, be an X-ray 
source, a gamma ray source and/or a neutron source. 

[0084] It is self-evident that for safety reasons only the ray 
should be as narroW as possible. For this reason it is proposed 
that the ray path passes through a series collimator. In this 
context the term “series collimator” refers to an arrangement 
of at least tWo partial collimators limiting a ray path, Which 
collimators are connected to each other by a common radia 

tion damping Wall aligned essentially parallel to the main ray 
path, and extend from this Wall into the ray path. Such an 
arrangement alloWs extraordinarily good focussing of the ray 
path, because on the one hand any re?ections on surfaces 
Which are aligned parallel to the ray path into the ray path can 
be minimised by minimising these surfaces, and because on 
the other hand the partial collimators have surface regions 
directed perpendicularly to the ray path, Which regions are 
naturally able to absorb rays very Well. 

[0085] Preferably at least 5 or 8 partial collimators should 
be arranged one behind the other, inparticular onboth sides of 
the ray path, it being self-evident that such partial collimators 
should only be provided Where suitable limitation of the ray 
path is also required. 
[0086] Cumulatively or alternatively to this it is proposed 
that the ray path passes by at least one ray trap. In this context 
a ray trap refers to a recess aligned essentially perpendicularly 
to the ray path, With a radiation damping Wall. If a ray path 
passes by such a recess and if rays enter the recess, such rays 
for the mo st part stop moving until they leave the recess again. 
They are therefore caught in the ray trap. 
[0087] If a series collimator is suitably designed, it corre 
spondingly has one or a plurality of ray traps. 

[0088] Preferably the series collimator and/or the ray trap 
are arranged in the ray path behind a source collimator. 
Because of the risk emanating from them, Radiation sources 
are already intensively screened in their immediate surround 
ings, a suitable source collimator ensuring that the rays can 
only leave the radiation source Within a speci?c spatial 
region. In this case, hoWever, the source collimator is not able 
to parallelise this region su?iciently, particularly in the case 
of long ray paths. Helpful here are the series collimator and/or 
the ray trap, Which can also considerably increase, by simple 
structural means, the operating reliability of X-ray scanners 
for large objects With at least one radiation source and at least 
one detector betWeen Which rays are able to run along a ray 
path, independently of all the other features of this invention. 
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[0089] In particular, the series collimator or the X-ray trap 
can connect directly to the source collimator so that optimum 
use can be made of the corresponding advantages in the 
shortest construction space. 
[0090] The at least one detector can be arranged on a logic 
free detector module Which is connected releasably to a sup 
port. A detector can therefore be replaced easily and at loW 
cost if it is defective, in particular Without corresponding 
measuring electronics, required for sensorics comprising the 
detector, also having to be replaced. Such an approach is also 
advantageous independently of all the features for detectors 
of radiation that is more energy rich than visible light, par 
ticularly UV light, since such detectors are highly exposed to 
this energy-rich radiation for reasons of sensitivity, and age 
correspondingly quickly. 
[0091] The detector module is also preferably designed 
electronics-free. Electronic components, such as operational 
ampli?ers, capacitors or coils, are also installed outside a 
radiation load in such arrangements, if possible, and gener 
ally age less quickly than the connected detectors. To this 
extent the costs are therefore minimised When a detector is 
replaced. 
[0092] In addition, such a passive detector module enables 
the detectors to be replaced very easily With suitable design of 
the overall arrangement, since logical or electronic compo 
nents in such detector arrangements are generally placed not 
only outside a ray path, if possible, but also behind a screen in 
order to avoid disturbances. HoWever, the detectors are not 
screened because they Will of course also be detecting the 
rays. To this extent the detectors can be removed or replaced 
in such an arrangement past the screen from the direction of 
the X-ray path so that this can be carried out very easily. 
[0093] A replacement, particularly past a screen, can be 
carried out particularly easily if the connection of the detector 
module to its support is a plug-in connection. The plug-in 
connection is preferably designed so that it is electrically 
conducting so that the electrical connection betWeen the 
detector and the remaining sensorics can be opened or closed 
in the plugging process. 
[0094] In order to minimise the costs of a detector replace 
ment, the detector module has no more than 32 detectors, 
preferably no more than 16 detectors. This also enables a 
plurality of detector modules to be arranged adjacent to each 
other at an angle so that a curve radius or a circular path can 
be folloWed With such modules Without the deviations being 
too great despite modules that are designed rectilinearly or 
essentially ?at. 
[0095] The support of the detector module may be a logic 
free intermediate support Which is arranged on a main support 
With measuring electronics. Only ampli?ers, i.e. only opera 
tional ampli?ers, for example, Which are already designed, in 
particular, as integrators, are preferably arranged on the inter 
mediate support. Such a logic-free intermediate support 
alloWs a particularly compact structure of the ampli?ers or 
other non-logical assemblies in relating to the detectors on the 
one hand, so that distances betWeen the detectors and ampli 
?ers can be minimised. This also minimises faults. The same 
applies to the electrical distance betWeen purely electrical 
assemblies and logic assemblies Which can therefore be mini 
mised in a suitable design. 
[0096] The at least one detector is preferably arranged on a 
module unit With no more than 32 detectors, preferably even 
With no more than 16 detectors. As already indicated above, 
such small module units alloW an extremely ?exible construc 
















